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(g) Method for preparing a substrate for semiconductor devices. 

(g) This is a method for preparing a substrate for 
semiconductor devices. 

The substrate is prepared either by directly 
bonding a tending wafer to a base wafer or by 
bonding the bonding wafer to the base wafer 
with an oxide film formed on at least the bond- 
ing surface of the bonding wafer or the bonding 
surface of the base wafer to make the finished 
semiconductor devices provided with an SOI 
structure. 

Prior to the bonding operation as stated 
above, the bonding wafer and the base wafer 
are subjected to the following processes : 

(1) making the diameter of the bonding wafer 
smaller than the diameter of the base wafer, 

(2) setting the beveling width of the back side 
(bonding side) of the bonding wafer at 50 mi- 
cron or less, and 

(3) beveling the front side of said base wafer 
so that the bonding surface of the base wafer is 
made equal in size to the bonding surface of the 
bonding wafer. 

Thus, when the bonding wafer, which has 
been bonded to the base wafer, is subjected to 
polishing into a thin film, the peripheral por- 
tions of the bonding wafer form a smooth sur- 
face of the base wafer. This prevents the 
peripheral portions from chipping off. 
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2. DETAILED DESCRIPTION OF THE I^A/ENTION 

(INDUSTRIAL FIELD OF THE INVENTION) 

This Invention relates to a technology for man- 
ufacturing a substrate for semiconductor devices 
which Is formed by bonding wafers together, and more 
particularly to a technology for beveling wafers to be 
used for said substrate for semiconductor devices. 

(STATEMENT OF THE PRIOR ART) 

An SOI stnjcture has hitherto been proposed for 
a substrate for semiconductor devices in order to faci- 
litate dielectric isolation of integrated circuits in which 
tiny semiconductor devices are highly densely incor- 
porated to eliminate a latch-up phenomenon in the 
integrated circuits, especially, CMOS (Complemen- 
tary Metal-Oxide Semiconductors) integrated circuits. 

To provide such an SOI structure, a method has 
been adopted in which an oxide film (insulating layer) 
is formed on a silicon substrate, further a polycrystal- 
line layer is precipitated on the oxide film, and then 
further a single crystalline thin film is formed through 
transfonnation of the polycrystalline layer by a laser 
beam irradiated thereonto. Otherwise, a method has 
been adopted in which a silicon monocrystalline thin 
film is fonmed on a sapphire substrate from vapor 
phase by way of thermal decomposition reaction. 

However, the crystailinity of the silicon thin film on 
the insulating layer or the sapphire substrate fonned 
by these methods has not been satisfactory. Conse- 
quently, further technical improvements are being 
successfully made in which silicon wafers are bonded 
to each other with an insulating layer placed therebet- 
ween, and one of the resulting bonded silicon wafers 
is polished or etched to be formed into a desired thin 
layer which is used as an active region for built-in 
semiconductor devices of an integrated circuit. 

At the same time, however, a so-called epitaxial 
wafer which comprises two high and low resistivity 
layers thereon has been employed as a substrate for 
preparing bipolar semiconductor devices. 

When such an epitaxial wafer is prepared from a 
silicon semiconductor material, the vapor phase 
epitaxial growth process is generally employed. For 
instance, thennai decomposition or hydrogen-reduc- 
tion of trichlorosilane or tetrachlorosilane causes to 
grow a p-type or n-type high-resistivity single-crystal 
thin film several micron thick on a low-resistivity sili- 
con single-crystal mirrorwaferfor the purpose of prep- 
aring the substrate. This vapor phase epitaxial growth 
process has a following disadvantage. Thermal d'rffu- 
sbn of impurities from the underiying single-crystal 
wafer or autodoping via the vapor phase makes the 
impurity level at the growth interface comparatively 
high, and under some circumstances the impurity 
level undesirably gets high up to 5 micron from the 



growth interface in the layer. In this case it is imposs- 
ible to vary the resistivity in a step-like manner at the 
growth interface. In recent years, it has been propos- 
ed, as in the Japanese Patent Laid-Open Publication 
5 No. 62-27040, that two semiconductor mirror wrafers 
having a low and high resistivity, respectively, are 
heated in a state of directly joining each other to be 
bonded for the purpose of obtaining a substrate for 
preparing bipolar semiconductor devices provided 

10 with a structure of a step-like variance in resistivity. 

A bonding process of wafers having an SOI struc- 
ture will be described in detail to clarify the problems 
in the prior art related to the present invention. 

For such a bonding method there are proposed a 

15 process of employing a deadweight for applying a 
pressure on the wafers and also a process of applying 
an electrostatic force in order to bond two wafers. The 
fonmer prior art is described, for instance, in Japanese 
Patent Laid-Open Publication No. 48-40372. TTiis 

20 known document teaches a mettiod wherein silicon 
wafers are superposed on each other with an oxide 
film placed therebetween for the purpose of bonding 
the wafers at 1,100 degrees centigrade and higher 
and at pressures 100 kg/square centimeter and more. 

25 The latter prior art is described in pages 92 through 98 
of "Nikkei Microdevices" issued by Nikkei-Mcgraw- 
HIII, Inc. on March 1, 1988. Hereinafter such a sub- 
strate for semiconductor devices will be described. 
In Fig. 3 (C). an example of the substrate in SOI 

30 structure for semiconductor devices is shown. 

Wafers 1a and 1b are bonded to each other with 
oxide films 1c interposed therebetween. Subse- 
quently, the side exposed to the air of the wafer 1 b is 
polished and/or etched to be a thin film so that this 

35 substrate is achieved. The preparing process will be 
more particularly described as follows: 

At first, prior to bonding wafers 1a and 1b to each 
other, as shown in Fig. 3 (A), the bonding wafer 1b is 
thenmally oxidized over the entire suriace thereof to 

40 form an oxide film about 0.8 micron in thickness. In 
this case, the bonding surface of the wafer 1 a can also 
be thermally oxidized so that the total thickness of the 
oxide films will be 0.8 micron in the state of bonding. 
Then, wafers la and 1 b are superposed on each other 

45 (Fig. 3 (B)), then are put into a furnace in the state of 
superposition and further an electrical voltage of 
approximately 300 volts is applied in a pulse mode 
across the superposed wafers in an atmosphere of 
nifrogen at a temperature of about 500 degrees cen- 

50 tigrade. In this way, wafers la and 1 b are bonded to 
each other. The bonded wrafers thus treated have a 
strong bondingstrength therebetween so thatthe waf- 
ers can be put in the conventional IC manufacturing 
process as they stand. 

55 Wafer 1b of the bonded wafers thus obtained is 

polished and/or etched etc. from outside as it stands 
to be made into a thin film. Thus, a substrate with an 
SOi structure for forming semiconductor devices is 
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prepared as shown in Fig. 3 (C). 

Conventionally, base wafer 1a and bonding wafer 
1 b, wliich are bonded together to prepare a substrate 
for semiconductor devices by such a bonding method 
as above, had substantially the same diameter, re- 5 
spectiveiy. Further, the beveled portions at the 
periphery of the front and back side of each wafer 
were substantially symmetrical in shape. 

That is to say, as shown in Fig. 4, the base wafer 
la is composed as follows: When the beveled width io 
of the beveled portion 11a at the front side of the base 
wafer la Is Wi and the beveled depth thereof is d-,, and 
the beveled width of the beveled portion lib at the 
back side of the base wafer 1 a is W2 and the beveled 
depth thereof is dj, then Wi = W2 and d, = d2. The angle is 
made between the front side of the base wafer 1 a and 
the slope of the beveled portion 11a, that is, angle = 
arc tan (di/wi) is identical with the angle made be- 
tween the back side of the base wafer 1a and the 
slope of the beveled portion 1 1 b, that is, angle 0^ = arc 20 
tan (daAva). 

On the other hand, if a beveled width of a beveled 
portion 12a at the front side of the bonding wafer lb 
is W3 and the beveled depth thereof is dg, and a 
beveled width of the beveled portion 12b on the back 2S 
side of the bonding wafer lb is w*, and a beveled 
depth thereof is d4, then W3 = W4, ds = d*. Then, the 
bonding wafer 1b is so constructed that the angle 63 = 
arc tan (dsfw^) made by a slope of the beveled portion 
12a and the front side of the bonding wafer 1b, and the 30 
angle ©4 = arc tan Ww^) made by a slope of the 
beveled portion 12b and the backside of the bonding 
wafer 1b are identical with each other. 

However, the above technology has a following 
problem: The beveled width w^ of the beveled portion 35 
11a at the front side of the base wafer 1a is set at 
values of width greater than a predetermined value, 
as stated above, and at the same time, beveling angle 
9i at the front side of the base wafer 1 a is set at values 
of angle smaller than a predetenmined value, in order 40 
to prevent the occurrence of crowning at the 
peripheral portion of the wafer at the time of perform- 
ing subsequent processes such as photoresist coat- 
ing and fonmation of epitaxial layers. Therefore 
conve ntionally, under such circumstances, the values 45 
are Wi = Wz = W3 = W4 and d^ = dj = da— d4, respectively 
at the time of beginning a thinning operation 
immediately after a bonding operation. The front and 
back side of the wafers 1a and 1b are subjected to 
beveling into a symmetrical form. Subsequently, so 
when the front side of the bonding wafer lb is subjec- 
ted to polishing into a thin layer after bonding, the 
beveled portion on the back side of the wafer 1 b is not 
supported by the front side of the base wafer la. As 
a result, the outer peripheral portions are partially ss 
chipped off, depending upon the degree of a thinning 
operation, which causes fine irregularities at the outer 
peripheral portions of the bonding wafer lb. This, in 



turn, causes a contamination by dust particles result- 
ing from the chipping off of the peripheral portions dur- 
ing the subsequent manufacturing processes of 
semiconductor devices. 

3. SUMMARY OF THE INVENTION 

The present invention has been made In the light 
of the above problem. 

The object of the present invention is to provide 
a beveling technology which prevents contamination 
and other disadvantages caused by dust particles 
resulting from the chipping off. 

The present invention will be described in detail 
as follows: 

In order to achieve the above object according to 
the present invention, when the base wafer and bond- 
ing wafer are bonded directly together, or eiltier of 
them is thermally heated and then bonded together, 
to prepare a substrate for semiconductor devices, the 
diameter of the bonding wafer is made smaller than 
the diameter of the base wafer, the beveled width of 
the back side (bonding side) of the bonding wafer is 
set at 50 micron or less, and further the size of the 
bonding surface of the base wafer and the size of the 
bonding surface of the bonding wafer are made equal 
to each other immediately before bonding, as shown 
in Fig. 1(B). 

According to the present, invention the subse- 
quent thinning operation of the bonding wafer by 
means of a soft polishing cloth permits the peripheral 
edges of the bonding wafer to be easily subjected to 
excessive polishing. As a result, because the beveled 
width of the back side (bonding side) of the bonding 
wafer is sufficiently small, the excessively polished 
peripheral edges are shaped into a continuous curve 
extending from the beveled edge portion of the front 
side of the base wafer 21a to be integral with the 
polished surface of the bonding wafer, as shown in 
Fig. 1(C). Further, as shown in Fig. 1 (B), both the 
small size of the beveled width of the back side of the 
bonding wafer and the smaller diameter of the bond- 
ing wafer than the base wafer prevent the thinned 
bonding wafer from being shaped like the bonding 
wafer having a protruded peripheral edges as in the 
case shown in Fig. 3 (C). This also prevents the 
peripheral edge of the thinned bonding wafer from 
being easily chipped off, different from the case of a 
prior art. The bonded wafers which have one of the 
wafers thinned according to the present invention 
have a cross section similar to the cross section of a 
polished surface of a single mimorwafer. (See Fig. 1 
(C)) Therefore, the present Invenfion can achieve the 
direct bonding of high-and iow-resistivlty wafers, with 
a step-like variance in resistivity at the bonding inter- 
face, having an ideal smooth beveled suri'ace around 
the periphery like conventional epitaxial wafers. This 
is also true for the case of the wafers with an SOI 
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structure. The wafers with an SO! structure also has 
an appearance similar to the directly bonded wafers. 
In any case, no crowning phenomenon due to photo- 
resist coating occurs in the photo-lithography pro- 
cess. 5 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1(A) to 1(C) are drawings showing the man- 
ufacturing processes related to the method for prep- io 
aring a substrate for semiconductor devices with an 
SOI structure, which processes are described in the 
embodiments according to the present invention. 

Fig. 2 is a longitudinal cross-sectional drawing in 
part of a wafer showing the beveling conditions. 15 

Figs. 3(A) to 3(C) are drawings showing conven- 
tional manufacturing processes. 

Fig. 4 is a longitudinal cross-sectional drawing in 

part of a wafer showing the beveling conditions of a 
substrate for semiconductor devices In Figs. 3(A) to 20 
3(C). 

5. DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 

A description will be made on the preferred embo- 
diments of the manufacturing processes of a sub- 
strate for semiconductor devices in reference to the 
drawings according to the present invention. 

Figs. 1 (A) to 1 (C) are longitudinal cross-sectional so 
drawings showing the manufacturing processes of the 
substrate with an SO! structure according to the pre- 
sent invention. 

At first base wafer 21a and bonding wafer 21b, 
which has a smaller diameter than 21a, are bonded 35 
together with an oxide film 21c interposed therebet- 
ween and then bonding wafer 21b is, for instance, 
polished and/or etched into a thin film to manufacture 



Base wafer 21a and bonding wafer 21b have 40 
been subjected to beveling beforehand. 

Therefore, as shown in Fig. 2, when base wafer 
21a has a beveled width Ws and a beveled depth ds 
relative to the beveled portion 31a at the front side 
thereof. The base wafer 21a also has a beveled width 45 
We and a beveled depth de relative to the beveled por- 
tion 31 b at the bade side thereof. In this case Ws = We, 
ds= dg. Angle 65 = arc tan (ds/wg), the angle being for- 
med between frie front side and the slope of the 
beveled portion 31a and angle Gg = arc tan (de/wg), th e so 
angle being formed between the back side and the 
slope of the beveled portion 31b are equal. It is to be 
noted that the beveled width ds of the front side and 
the beveled angle 85 = arc tan (dg/ws) of base wafer 
21a are subjected to change in the course of a thin- 55 
ning operation of bonding wafer 21b (to 5 micron or 
less), as shown in Figs. 1(B) and 1(C) so that the width 
and the angle have a value, respectively, in which a 



crowning phenomenon can be prevented at subse- 
quent processes of a photoresist application and also, 
if required, of an epitaxial layer formation. On the 
other hand, beveled width Ws of the back side and 
beveled angle &e = arc tan (de /wg) of base wafer 21a 
have nothing to do with the crowning phenomenon at 
the time of the photoresist application and the 
epitaxial layer formation. The values of the width and 
the angle are so selected that the values fall within the 
range in which no chipping off can occur at the time 
of handling base wafer 21a. 

On the other hand, if the beveled width relative to 
the beveled portion 32a on the front side of the bond- 
ing wafer 21b is W7 and the beveled depth thereof is 
dj, and the beveled width relative to the beveled por- 
tion 32b on the back side thereof is Ws, and the 
beveled depth thereof is ds, then Ws can be 50 micron 
or less and W7 can fc>e, for instance, the same as Wg. 
The value of dg can be, for instance, the same as d? 
(= ds). Angle Bg = arc tan (de/we) which Is fonmed be- 
tween the slope of the beveled portion 32b and the 
back side can be so selected that no chipping off can 
occur in the course of the polishing operation. The 
angle can be a minimum of 30 degrees to cany out the 
present invention. The reason is as follows: When the 
bonding wafer is polished into a thin film of 5 micron 
thick or less, the periphery of the bonding wafer is 
excessively poiished to wear out with the result that 
the periphery of the bonding wafer which has been 
thinned out fonns an extension of the beveled slope 
of the base wafer as shown in Fig. 1(C). In contrast, 
angle 87 = arc tan (d7/W7) can be an ordinary angle 
which can take the same value of Gg. 

The value of diameter Di of the base wafer 21a 
and the value of diameter D2 of the bonding wafer 21 b 
are determined so as to establish a relation (Di - W5) = 
(Da-wa). 

The beveled width Wg shown above on the front 
side of the base wafer 21 a (Fig. 2) appears increased 
more than the original width as shown in Fig. 1(C). But 
this results from the following fact The bonding wafer 
21b has an oxide film fonned on the bonding surface 
thereof and then is bonded to the base wafer21a. The 
bonding wafer 21 b is polished into a thin film. The thin- 
ned bonding wafer 21b and the oxide film bonded to 
the base wafer 21a appear as if they were an exten- 
ded part of the beveled width W5 of the base wafer 
21a. The thickness of the oxide film is only 1 micron. 
The increased width resulting from the addition of the 
oxide film is so little that it can be negligible. 

The typical effects of the present invention are 
described as follows: 

According to the present invention, at the time of 
bonding a base wafer and a bonding wafer witfi an 
oxide film interposed therebetween or directly without 
any oxide film interposed, for the manufacture of a 
substrate for forming semiconductor devices, the 
diameter of the bonding wafer is made smaller than 
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the diameter of the base wafer. Further, the beveled 
width of the back side, that is, the bonding side of the 
bonding wafer is made sufficiently small. Still further, 
both of the base wafer and the bonding wafer are sub- 
jected to beveling prior to bonding, whereby the size s 
of the bonding surface of the bonding wafer and the 
size of the bonding surface of the base wafer become 
the same. As a result, in case the bonding wafer bon- 
ded to the base wafer is subjected to polishing into a 
thin film, both of the bonded wafers can form a con- io 
tinuous smooth beveled slope, as shown in Fig. 1(C). 
(\lo chipping off can be expected. Further, no crowning 
phenomenon occurs at the time of photoresist appli- 
cation or, if required, epitaxial filmfonmation. 



Claims 



(1) A method for preparing a substrate for semi- 
conductor devices, comprising: 

making the diameter of a bonding wafer smal- 
ler than the diameter of a base wafer; 

setting the beveled width of the back side of 
said bonding wafer at 50 micron or less; and 

beveling the front side of said base wafer so 
that the bonding surface of said base wafer is made 
equal in size to the bonding surface of said bonding 
wafer prior to bonding said bonding wafer to said base 
wafer in preparing said substrate by directly bonding 
said bonding wafer to said base wafer. 

(2) A method for preparing a substrate for semi- 
conductor devices, comprising: 

making the diameter of a bonding wafer smal- 
ler than the diameter of a base wafer; 

setting the beveling width of the back side of 
said bonding wafer at 50 micron or less,; and 

beveling the front side of said base wafer so 
that the bonding surface of said base wafer is made 
equal in size to the bonding surfece of said bonding 
wafer prior to bonding said bonding waferto said base 
wafer in preparing said substrate by bonding said 
bonding wafer to said base wafer with an oxide film 
formed on at least either said bonding surface of said 
bonding wafer or said bonding surface of said base 
wafer to make said semiconductor devices provided 
with an SOI structure. 
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FIG. 1(A) 
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FIG. 3(A) 
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FIG. 4 
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Method for preparing a substrate for semiconductor devices. 

@ This is a method for preparing a substrate for 
semiconductor devices. 

The substrate is prepared either by directly 
bonding a bonding wafer to a base wafer or by 
bonding the bonding wafer to the base wafer 
with an oxide film formed on at least the bond- 
ing surface of the bonding wafer or the bonding 
surface of the base wafer to make the finished 
semiconductor devices provided with an SOI 
stnjcture. 

Prior to the bonding operation as stated 
above, the bonding wafer and the base wafer 
are subjected to the following processes : 

(1) making the diameter of the bonding wafer 
smaller than the diameter of the base wafer, 

(2) setting the beveling width of the back side 
(bonding side) of the bonding wafer at 50 mi- 
cron or less, and 

(3) beveling the front side of said base wafer 
so that the bonding surface of the base wafer is 
made equal in size to the bonding surface of the 
bonding wafer. 

Thus, when the bonding wafer, which has 
been bonded to the base wafer, is subjected to 
polishing into a thin film, the peripheral por- 
tions of the bonding wafer form a smooth sur- 
face of the base wafer. This prevents the 
peripheral portions from chipping off. 
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